Abstract
in Vibrio cholerae) were found to negatively regulate the expression of ect genes.
28
Here, we characterize GlnR, the global regulator for nitrogen metabolism in 
Importance

35
High salinity is deleterious and cells must evolve sophisticated mechanisms to 36 cope with this osmotic stress. Although production of ectoine and hydroxyectoine is 37 one of the mostly adopted strategies, the in-depth mechanism of regulation of their 38 biosynthesis is less understood. So far, only two MarR-family negative regulators,
39
EctR1 and CosR were identified in methylobacteria and Vibrio, respectively. Here, 40 our work demonstrates that GlnR, the global regulator for nitrogen metabolism, is a (1-4). Because these molecules are small soluble organic compounds, they can 52 prevent water loss and promote water reentry into the cells (3, 5) . Besides, these 53 compounds can also help stabilize proteins and protect bacteria from heat (6, 7) and 54 cold (8, 9) damages. Also, with the excellent behavior in protein stabilization, ectoine 55 and hydroxyectoine have been adopted in many industrial applications, e.g. in 56 scientific research, cosmetics and medical applications (3, 10-13).
57
So far, the biosynthetic pathway of ectoine and hydroxyectoine has been 58 thoroughly studied and totally four genes of ectABCD are found to be involved in the 59 processes (1, 6, 14, 15) . Specifically, L-aspartate-β-semialdehyde is catalyzed into 60 ectoine by a three-step enzymatic reaction, employing L-2, 4-diaminobutyric acid 61 transaminase (EctB), N-γ-acetyltransferase (EctA), and ectoine synthase (EctC). In 62 some bacteria that contain ectD, encoding the ectoine hydroxylase, ectoine is 63 hydroxylated to form 5-hydroxyectoine. Salinity and temperature are main factors that 64 induce the biosynthesis of ectoine and hydroxyectoine, and the regulation occurs at 65 the transcriptional level (9, 16, 17 
100
Here in this study, we prove that the biosynthesis of ectoine and hydroxyectoine GlnR-mediated regulation of ectoine and hydroxyectoine biosynthesis is discussed.
103
Materials and Methods
104
Bacterial strains, media and primers
105
Construction of S. coelicolor glnR mutant (SCΔglnR) and its complemented 106 strain SCglnR+ was described before (37). Streptomyces strains were grown in either 
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Inc. Ectoine and 5-hydroxyectoine standards were purchased from Sigma-Aldrich.
116
Primers used in this study were listed in Table S1 . 
126
To measure the production of ectoine and 5-hydroxyectoine, strains were cultured employed to measure the ectoine and 5-hydroxyectoine contents, following the 132 method described by Kuhlmann and Bremer (26, 41) . Quantification of ectoine and 
158
Promoter regions and the coding regions of ectA in three strains were PCR 159 amplified and cloned into pUC18B-T (TOLO Biotech., Shanghai, China), using 160 primers listed in Table S1 . After being verified with DNA sequencing, plasmids were Inc.).
165
EMSA was carried out in the same procedure as described before (33) China. Briefly, each probe was prepared in the same way as described in EMSA.
172
Then, the probe (300 ng) was incubated with different amounts of recombinant GlnR ladder preparation and data analysis were carried out in the same procedure as 175 described by Wang et al. (42) .
176
Results and Discussion
177
GlnR negatively regulates the transcription of ect genes in S. coelicolor
178
When cultured in medium with high osmolality, e.g. with 1 M NaCl, the S.
179
coelicolor glnR null mutant (SCΔglnR) grew obviously better than the wild-type
180
M145 and the glnR complemented strain (SCglnR+) (Figs. 1 and S1) . Particularly,
181
SCglnR+ showed extreme sensitivity to high salinity, which was probably due to the 182 higher expression level of glnR in SCglnR+ (5.29±0.47 folds relative to M145, Table   183 S2). Therefore, one may speculate that GlnR negatively regulates the bacterial 184 resistance to high osmolality.
185
In S. coelicolor, the bacterial tolerance to high osmolality is influenced by the 186 biosynthesis of the intracellular ectoine and hydroxyectoine (26) bacterial sensitivity against high salinity (27). Therefore, the intracellular production 189 of ectoine and hydroxyectoine was measured in both glnR + and glnR -strains (Fig. 1) .
190
When cultured in S medium without addition of 1 M NaCl, all three tested S. remarkably increased by extracellular high salinity in all three strains, and was 216 obviously higher in SCΔglnR than in M145 and SCglnR+ ( Fig. 2A) , which was 217 consistent with both the growth curves and the hydroxyectoine concentration (Fig. 1) .
218
For example, the transcription of ectA in SCΔglnR was 6.9 folds higher than that in SCglnR+, the ect trancription was not the lowest and this was probably caused by the 224 relatively short shock time.
225
With the promoter region of ectA (Fig. 2B) demonstrating that SCO_GlnR directly bound the promoter of ect operon (Fig. 2C) . (Fig. 2D) . Within the 52-nt sequences, four GlnR Boxes could be identified. Although 234 the sequences of the four Boxes were not highly conserved, the fourth position in each
235
Box was the conserved adenine (A) (43) and the distance between each Box was 6 nt,
236
which was the same as most GlnR targets (29). and SAV_GlnR) were able to specifically bind to the ect promoters ( Fig. 3A and B) , 249 suggesting GlnR directly regulates the ect expression in these strains. Accurate
250
GlnR-protected sequences were further characterized in each ect promoter, which
251
were located from -45 to -3 and -89 to -47 relative to the TSS of ectA in A.
252 mediterranei and S. avermitilis, respectively ( Fig. 3C and D) . In the AME_GlnR at 39 °C, M145 showed higher salinity tolerance in nitrogen-excess medium (Fig. 4B) . GlnR activates the GS/GOGAT pathway, while represses the GDH pathway.
470
Meanwhile, GlnR down regulates the biosynthesis of ectoine and hydroxyectoine to 471 protect the glutamate pool, maintaining essential nitrogen metabolism activities. 
